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Relationships between human response and digital television encoder param-

eters were investigated by measuring subjects’' minimum perceptible acuities.

Variations in sampling frequency and quantizing noise were simulated for a

-

differential pulse code modulation encoding system by changing bandwidths

and signal-to-noise ratios of pictures displayed on the monitor of = closed

circuit television system. Noise had little or no effect on the minimum

pggcgptille acuity over the ranges tested. Information transmission was pro-

foundly affected by bandwidth and very little affected by noise in the system,

This was trye for all degrees of system complexity and cost tested.

INTRODUCTION

A television signal is always an Zaperfect reproduction of an image.
Various factors inherent in the development and transmission of a signal act

to impair or degrade the quality of the receive” image. Such image impair-~

ments degrade both observer performance in target detection and monitoring

tasks (Humes and Bauerschmidt, 1968) and observer enjoyment of entertainment

programs (Dean, 1960).
Most new transmission esyatems for speech or television employ some form

of digital encoding. Signals arc begmented at sume periodic freguency into

discrete samples of the original waveforu. This sample is theo translated
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into a binary code, and the code becomes the transmitted signal. A decoder
reconstructs the signal into its original sanalog form at the receiver.

The most promising digital encoding system now being investigared is
Differential Pulse Code Modulation (DPCH). Instead of encoding each signal
sample according to its amplitude, ae is done in traditional encoding systems,
i code is generated according to the difference in amplitude tetween the
present sample and a predicted value based on the previously transmitted
signal.

By only transuitting the encoded difference, signal redundancy may be
removed, and this improves the efficiency of information transmission. DPCM
uses this redundancy *o make highly accurate predictions of sample amplitude.
Hence, fewer binary codes may be transmitted to achieve the same resultant
aaalog signal.

However, the effectiveness of the DPCM system is determined by the sam-
pling frequency of the encoder and by the number of amplitude levels being
encoded. The sampling frequency of a television encoding system determines
the horizontal resolution, and therefore the bandwidth of the displayed
signzl. The number of encoding levels determines sample amplitude sensitivity,
and thus affects the signal-to-noise ratio of the television picture. This
noise resulting from the DPCM encoding process is called quantizing noise and
appears as "snow'" in the image. Increasing sample frequency and/or levels
per sample ralses the system bauderate -- the number of binary symbols encoded
per second. Such an increase affects the television picture as increased
bandwidth and imprcved signal-to-noise (S/N) ratio.

The cost of a8 digital transmission system is directly related to its

bauderate, Theoretical equations have been presented to describe curves of
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constant cost eud associated bauderate relative to given signal bardwidths

' and S/N ratios (0'Neal, 1967). Binary symbol transmission rate : ¢ equip-
ment cost are relatively conmstant along such curves. Referring tr Figure 1%,
system cost and symbol transmission rate are exactly the saae & J..0 MHz
bandwidth and 44.5 db S/N as they are for 2.5 Miiz bandwidth ar. 31 db §/N.

A}though bauderate may be increased, the relationships v:.veea the

human's response to pictures generated by varying sample fre, .:ncies and/or
levels per sample on a constant curve are not known. The p.:,08e of the
present study was to measure the minimum perceptible acuit! s of subjec's
under various noise-bandwidth conditions, and to relate th.:2 acuities to

system costs according to the constant cost/bauderate cur red.

METHOD
Subjects

Twelve North Carolina State University students ta¥ing an introductory
psichology course served as subjects in the experiment. All subjects had

20/20 corrected vicual acuity.

Apparatus

A high gquali®y closed circuit television system was used to determine
the reiationships between human perception and encoder parameters. A Fairchild
Modzl TC-177 RL vidicon camera generated the widebund NTSC standard (525 line

entertsinment Tv) bLlack and white video signais.

*This figure was plotted from Equation (11) in (0'Neal and Agrawal, 1970).

.
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Variations in sample frequency and levels per sample were simulated by
changing baundwidths and signal-to-noise ratios of the pictures. Wideband
random nnise was obtained from a General Radio Model 1383 Random Noise Gener-
ator. The noise level was controlled by a Hewlett Packard Model 3750A
attenuator, which could te adjusted in one decibel (db) ateps from 0 to 99
db attenuation. Video signal bandwidti was controiled by a Khron-Hite Model
3193R filter. Slight circuit modifications were made to allow continuous
frequency adjustment from .5 to 3.0 MHz with a 24 db per octave attenuation
curve. A Conrac Model RND~Y television monitor with a useful bandwidth of
10 MHz wes used to display the images.

The camera's video sigual was sent to a signal mixer, where the signal
and random noise were combined. This resultant signal was then sent to the
filter and on to a timed switch, where presentation time of the signal was
controlled. Between presentations of test stimuli, subjects only saw a raster
(continuous field of illumination) on the monitor. By pressing a pushbutton
to start the electronic tiner, ihe test image was presented to the subject
on the television monitor for a preset period of time {16 seconds). Figuve 2
shows the basic equipment block diagram.

The stimuli consisted of two 8 1/2 x 11 inch glass slides containing
various width lines oriented in horizontal and vertical positions, as shown
in Figure 3. The eleven lines varied in width from one iInch to about ,004
inches. The lines were grouvped in an ascending series of widths from the
smallest to the largest,

Four separate series of lines were displayed on cacbh slide. Line length

was varied frow one inch ‘o one-fourth inch, and a separate series of line
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vidths was constructed for each length. This resulted in each slide having
a total of 44 lines - four ascending width series of eleven lines.

The horizontally and vertically oriented slides were constructed on a
large clear sheet of plastic at four times the desired size and were later
photographically reduced to the proper dimensions. These were then sandwiched

between plates of glass and displayed in a Diamond Electronics Light Box.

Experimental Design

The experiment consisted of messuring subjects' minimum perceptible
aculty, which may be defined as the minimum visual angle necessary to see an
object, or to see small objects agaieat a plain background (Wulfeck, 1958).

A subject's performance on this task was indizated by the smallest width line
he could distinguish.

The experimental design was a complete factorial, testing 48 noise-
bandwidth combinations on both spatial orientations. Noise was presentel st
the eight S/N ratios of 6, 12, 18, 24, 30, 36, 42, and 48 dt.. Six values of
bandwidth were tested: .5, 1.0, 1.5, 2.0, 2.5, and 3.0 MHz. These particular
values of noise and bandwidth were chosen to represent typical television
system operating ranges. Each stimulus condlition yielded four scores corre-
spording to each of the four line lengths. Hence, 192 respunses were recorded
for each subject on each of the two spatial orientations, making a total of

384 responses per subject.

Procedure

A test run began by placing a subiect in a dimly lighted experimental
"chamber." This chamber was approximately five feet wide and eight feet long

and was partitioned from tie rest of the room by black plastic walls. The
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subject sat in a chair which was positioned for a constant visual viewing

distance of 28 inches f-om the monitor to his eyes, He was instructed not
to aquint or iean forward during the experiment.

Subjects were told that a "ready" signal would be given approximately
one second before pregentation of the test stimulus. The image would then
appear for sixteen seconds. They were told that the experiment was not a
speed test and more time would be given if requested (rarily éid they do so).
Subjects were then shown one typical visual condition and were instructed how
to respond.

Subjects responded by specifying individually the smaliest width line
that they could see in each of the four lengths. They responded on an 1ll-
point numerical scale corresponding to the lines shown in l'igure 3. A response
of 1 corresponded to the smallest line, and a response of 1l referred to the
largest width line displayed. After recording the subject’s responses on all
48 noise-tandwidth conditions for the horizontal orientation, the process was
repeated for the vertical orientaiion thus completing the experiment.

Each subject received a different randomized sequence of stimuli. In
additioa, half of the subjects viewed the vertical slide first. By these
methods the effects of practice and fatigue were cancelled.

To further control extraneous variables, the television screen was masked
to only permit viewing of the four line series., Slots were cut iu a gray
cardboard mask for each series, and the lines were nunbered on the mask to

permit identification.

Data Reduction

The electronic system {i.e., TV camera and monitor) employed to trans-

late the stimulus lines into visual television signals had & nonlinesr effect

-6~
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upon the line widths. Thus, the smaller line widths did not proportionately
differ £s5 much on the television monitor as thev dia on the initlal slides.
Since the criterinn measurec was the smallest iine perceprible to the subject,
an accurate measure was required for the actual line widths displayed on the
moni.or. Photographs were raken of the displayed imsges in all test condi-

tions and were expanded to four times the scroen size foT wcre accurate

messurexents.

RESULL1S

A repeated measures analysis c¢f variance was conducted on the subjects'
response scores to derarmine the e¢ffacts of noilse, dasdwigih, line iengzh,
and spatial orientation on minimuxm perceptible acuiry. Alil four facters wers
found to significantl: affect visual performance (s = .0001). A1l these
results had been anticipated and are noc perviuent to *hls pspar, 8a they
will not be discussed at length.

Since most televislon images coznisir many d.fferent length lizes and
spatial orientations, scores foy the four iiae lengths and two crisntationg
were fveraged. Mean acuity scores vere calculated acrvoss sublecrs Lor each
of the 48 noise-bandwidth comlinations.

These means were then used to calculate vurvilinear regresafen & uxtiang
for each noise aud bandwidth value. VFuo. exanple, a curvilicear equstion was
obtsined fcr a tandwldtn of 1.5 MHz by fit:ilug & curve tc the aculily scove
of the eight different corresponding S/N valizs expeiimentslly tested. Such
equations alluwed accurate predictione of zcaivy scores for S/N -atios 0%
t>sted in the experiment. Similar eguations were obiained fcv the exght S/N
ratios experimentally tested, glloving aczuraie predictior of acuity scotas
for bandwidths not experimenteily teste. In this saurer, o L0isl of i&

ui.. " rent rear-salon eguarivne was obtained.
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Using these regression equations, the point of optimum subjective pecv-
formance was determined for various cost/bauderate curves. The degree of
subjective performance 7as indicated by acuity sccres for various points
al~ag these curves. For example, in Figure 1, the minimum perceptible line
width at the S/N ratio of 44.5 db was .0275 inche:. Conversely, the band-
width of 2.5 MHz on this curve corresporded to a miaimum nerceptible line
width of .0198 inches. These values only hold true for this specific cost
curve (10 megabauds). The results of three similar analyses are shown in
Figure 4.

The point of optimum subjective performance was found to be at the
widest bandwidth tested on all cost/bauderate curves, with perceptual acuity
increasing monotonically with bandwidth. Figure 4 shows that perceptual
acuity on the 10 megabaud curve improved from .031 inines to ,.0188 inches
when bandwidth increasea €rom .5 to 2.0 MHz.

In addition, with bandwidth maximized, incieasing bauderate (i.e , de-
creasing the noise holding bandwidth constant) did nct increase perceptual
acuity. Thus, decreasing the atount of noise present in the picture from
20 db S/N (lowest cost curve tested) to 44 db S/N (highest cost cuive tested)
did not significantly affect the subjects' perceptual acuity a: the maximum
bindwidth tested.

Acuity scores for other bandwiuths did not significantly differ across
bauder..es. Hence, the S/N ratio had negligible affect .= visusl acuity

over all bandwidcths tested.
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DISCUSEION

The point of optimum subjective performance was found at the widest band-
width on all cost/bauderate curves. Thus, optimum performance may be achieved
simply by maximizing the frequency spectrum of the video signal. It was also
found that increasing tge system bauderate does not enhance subjects’ peccep-
tual acuity. Noise had little or no effect on the minimum perceptible acuity
over all bandwidth ranges tesived. Since the §/M ratio determines system cost
and bauderate for given bandwidths, it may therefore be inferred that in-
creases in system cost are not accompanied by improved visual performance.
The simplest, most inexpensive system tested provided the same perceptual
performance as more complex, costly systems.

Results shovm tn Figure 4 also indicate that increases in bandwidth be-
yond 3.0 MHz would probably not greatly affect perceptual performance. For
example, increasing bandwidth from .5 to 1.0 MHz on the 10 megabaud curve
improves minimum perceptible acuity .0045 inches, while increasing bandwidth
from 2.5 to 3.0 MHz only changes visual acuity .00l inch. Visual acuity is
greatly affected by low frequencv bandwidth changes, but is progress.—ely
less influenced as bandwidth is increased. Relatively small acuity changes
would be anticipatad as bandwidth is in¢r2esed beyond 3.0 MHz.

Bandwidth had a greater inf'uence on perceptual performance than did
the signal-to-noise ratio. Bandwidth directly affected the width of the
lines, whereasn noise tended to mask them. When bandwldth was maximized at
3.0 MHs, the discrete "luminous noise points' were significantly smaller than
the smallest line width., The nofse did not effectively mask the lines ana
thus did not affect performance.

It is prcsible that different resul.s wight have been obtained using s
different criterion measure. Rather than wmeasuricg the subjects' mirvimum
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acuity, one could have measured target detection time, target detection
accuracy, motion detection, reading accuracy, or a host of other picture
quality criteria. It is possible that noise might effect these more complex
neasures %o a greater degree than it did minimum percoeptible acuity because
higher cognitive pronesses are iluvolved in the other tasks. This question

can only be answered bty further, more complex studies.
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